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et al., 1994) value for the probability of matching bySecreted Fringe-like Signaling
chance p 5 1.9x1027) to a putative secreted protein fromMolecules May Be C. elegans (Figure 1) as well as to human and mouse
Glycosyltransferases ESTs (blast p-values <10211).
The two most conserved regions of all three subfamil-
ies FNG, BRN, and Lex1 (motif 3 and 4 in Figure 1) are
also the major hallmarks of the putative glycosyltransfer-Pattern formation during development requires the reg-
ase superfamily (a more precise prediction of the sub-ulated expression of numerous signaling molecules.
strate specificity is not possible given the limited se-One of these, Drosophila Fringe (FNG) is a novel se-
quence similarity between the subfamilies; Paulson andcreted protein with a key role in dorsal-ventral aspectsof
Colley, 1989). In the context of an enzymatic function itwing formation (Irvine and Wieschaus, 1994). Recently,
has to be noted that only negatively charged aminomultiple functions have been assumed for a Xenopus
acids are invariant, thus pointing to catalytic residueshomologue (lunatic Fringe, lFNG) including the induction
similar to those in characterized glycosyltransferaseof mesoderm; a complex expression pattern supports
families (Saxena et al., 1995; Strokopytov et al., 1995;this notion (Wu et al., 1996).
Qian et al., 1994). This is supported by secondary struc-Complex and general functions of Fringe-like proteins
ture predictions (Rost et al., 1994) that are consistentare also indicated by the presence of two divergent C.
around all conserved regions (Figure 1) and that predictelegans and at least six human homologues identifiable
the conservednegatively charged residues tobe locatedby sequence database searches (Figure caption). Thus,
in exposed loops indicating a catalytic role. The alternat-conservation patterns within theFNG family emerge that
ing arrangement of a-helices and b strands suggest anallow the use of sensitive motif and profile searches (for
a/b folding type for the central portion of eachsubfamily,details see Bork and Gibson, 1996). Indeed, we found
similar to that of other glycosyltransferases (Strokopy-significant similarities of FNG-like proteins to Drosophila
tov et al., 1995; Qian et al., 1994; Saxena et al., 1995).Brainiac (BRN; Goode et al., 1996) and, surprisingly, also
The conclusion that signaling molecules involved into theLex1 family of biosynthetic galactosyltransferases
pattern formation such as Fringe and Brainiac, may be(Figure 1).
secreted glycosyltransferases might come as a surprise,BRN has been proposed to be required for proper
but is not completely unexpected: i) Glycosyltransfer-contact or adhesion between germline and follicle cells
ases have been implicated in developmental processes(Goode et al., 1992,1996). BRN and FNG share several
for a long time (Shur, 1977a,b); ii) many extracellular,features: i) they are developmentally regulated, secreted
highly expressed glycosyltransferases have been shownsignaling molecules without known receptors, ii) they
to exist inhumans (Lammers and Jamieson, 1988; Fujita-are required during (dorso-ventral) epithelial patterning
Yamaguchi and Yoshida, 1981); iii) the expression of(Irvine and Wieschaus, 1994; Wu et al., 1996; Goode et
secreted glycosyltransferases increases during embry-al., 1996), iii) they interact genetically with the Notch
onic development (Cho et al., 1996); iv) the extracellularand/or EGF receptor pathways (Kim et al., 1995; Goode
carbohydrate moieties change during developmentet al., 1996), suggesting that they might modify the sig-
(Masteller et al., 1995) as a function of the expressednaling mediated by these receptors, and iv) FNG and
glycosyltransferases (Kukowska-Latallo et al., 1990);BRN both have at least two C. elegans and several
and v) transmembrane galactosyltransferases havehuman homologues suggesting the presence of multi-
gene families (Figure 1). been shown to transmit intracellular signalsafter binding
substrates via their extracellular part (Gong et al., 1995).Lex1 of Haemophilus influenzae is essential for the
biosynthesis of its extracellular lipooligosaccharides Secreted glycosyltransferases may use their ability to
recognize specificcarbohydrate moieties oncell surface(LOS) (Cope et al., 1991) as is its homologue in another
parasitic bacterium, Pasteurella haemolytica (Potter and molecules to trigger particular receptors (Shur, 1993),
but they might also play a crucial role in epithelial patternLo, 1995). In two other parasites with a similar LOS
architecture, Neisseria meningitidis and Neisseria gho- formation by modifying these carbohydrate moieties at
particular locations recognizable by various carbohy-norrhoeae, two highly related proteins of the Lex1 family
have been independently characterized in each organ- drate-binding domains of extracellular proteins. Numer-
ous distinct ESTs from multicellular organisms includingism as galactosyltransferases (Gotschlich, 1994; Jen-
nings et al., 1995) that add galactose to glucose or Arabidopsis (no match was found in yeast or other com-
pletely sequenced unicellular genomes) suggest a vastN-acetylglucosamine residues of the LOS (Jennings et
al., 1995). The LOS of all these parasitic bacteria contain superfamily of glycosyltransferases that might belong to
a system of posttranslational modification independentepitopes that are antigenically and structurally very simi-
lar to carbohydrates present in human glycosphingo- from the Golgi apparatus. The carbohydrate status of
the cell during development might even be a functionlipids; the parasites are thus able to mimic the latter
(Mandrell et al., 1992). Furthermore, the bacterial galac- of neighboring cells and not only of its own expression
set of glycosyltransferases.tosyltransferases are significantly similar (blast (Altschul
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